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(54) X-RAY GENERATING DEVICE AND NON-DESTRUCTIVE INSPECTION DEVICE USING 
THIS X-RAY GENERATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an X-ray 
generating device such as preventing generation of a 
problem in operation even when focal point size is 
lessened of an X-ray source. 

SOLUTION: An X-ray generating device comprises 
vacuum vessels 9, 10, a boundary thereof is divided by 
metal foil 1 1 , a pressure is reduced in the respective 
vessel by a respective vacuum pump 12. The vacuum 
vessel 9 comprises an electron generator 13 and an 
electron accelerator 14, an electron generated from the 
electron generator 13 is accelerated to prescribed 
energy by the electron accelerator 14. The vacuum 
vessel 10 is provided with an electron converging device 
1 5, target 1 6 and a valve 1 8. An electron accelerated in 
the vacuum vessel 9 passes through the metal foil 1 1, to 
advance into the vacuum vessel 10. The electron, 
straight advancing by inertia, is converged in a part of 
the electron converging device 15. The converged 
electron collides against the target 16, an X-ray is 
generated. The target 16 has apprehension fusing by collision of the electron, so that scanning 
can be performed by a target moving mechanism 17. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the X-ray generator which accelerate an electron, and the accelerated electron is 
made to collide with a target, and generates an X-ray in the case of the collision Said X-ray 
generator has two vacuum housings, and the boundary of said two vacuum housings is 
distinguished by the metallic foil. The X-ray generator characterized by equipping the target and 
vacuum pump for equipping one vacuum housing with an electronic generator, an electronic 
accelerator, and a vacuum pump, and electronic convergence equipment and an electron colliding 
with the vacuum housing of another side, and generating an X-ray. 

[Claim 2] The X-ray generator with which it sets to claim 1 , and said target dissolves or 
evaporates. 

[Claim 3] The target migration equipment for moving said target in claim 1, and the X-ray 
generator equipped with the target migration control unit which controls the migration. 
[Claim 4] Nondestructive inspection equipment using said X-ray generator according to claim 1. 
[Claim 5] Nondestructive inspection equipment using said X-ray generator according to claim 2. 
[Claim 6] Nondestructive inspection equipment using said X-ray generator according to claim 3. 



[Translation done.] 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention makes the accelerated electron collide with a metal, and 
relates to the structure of the equipment using the X-ray to generate, and its X line source, and 
the nondestructive inspection equipment which used the X-ray generator in that case. 
[0002] 

[Description of the Prior Art] In a tomographic X-ray apparatus (it is hereafter described as an 
X-ray CT scanner), or radiolucent finding photography equipment, for improving the image quality 
of the photoed image, it is necessary to make magnitude of X line source small. An X-ray CT 
scanner and radiolucent finding photography equipment accelerate an electron, make the 
accelerated electron collide with a metal plate (for it to be hereafter described as a target), and 
make the line source the X-ray generated by braking radiation. The basic structure of this X-ray 
generator consists of the electronic generator which generates an electron, an electronic 
accelerator which accelerates an electron, and a target. The approach of accelerating an 
electron has the approach of a cyclotron, a betatron, linearity acceleration, a microtron, etc. The 
inside of an electronic accelerator has that it is decompressed, in order to gather electronic 
acceleration effectiveness. Metals, such as a tungsten and copper, are used for a target. In order 
to make magnitude of X line source small in the case of such an X line source, the accelerated 
electron needs to make small magnitude (it is hereafter described as focal size) which collides 
with a target. In order to make focal size small, it can attain by converging the electron 
accelerated using electric field or a magnetic field. If focal size becomes small, generation of heat 
with a target will become very large. Extent of generation of heat is decided by the current value 
of the accelerated electron, the energy of the electron which it has after acceleration, the 
matter that constitutes a target, and focal size. If the temperature rise of the target by 
generation of heat becomes higher than the melting point of the matter which constitutes a 
target, a target will melt with an electron ray. Furthermore, if the temperature rise of a target 
becomes higher than the boiling point of the matter which constitutes a target, a target will 
evaporate with an electron ray. In a target's melting or evaporating, there is a trouble of it 
becoming impossible to generate the X-ray other than doing a bad influence to an electronic 
generator or an electronic accelerator. There is JP,4-32800,A as an approach of solving this 
trouble. Even if this approach arranges a target out of an electronic accelerator and a target 
melts, as a bad influence occurs neither in an electronic generator nor an electronic accelerator, 
it is made for an electron not to collide with the part which melted with scanning a target further 
or evaporated. 
[0003] 

[Problem(s) to be Solved by the Invention] In order to place a target out of an electronic 
accelerator, it is necessary from the above-mentioned conventional technique to make the 
outlet of the electron from an electronic accelerator. This outlet can be made from a thin 
metallic foil. The pressure always near atmospheric pressure has joined this metallic foil. It is 
because this metallic foil is the boundary of the electronic accelerator and atmospheric pressure 
which decompressed the interior. Therefore, it is necessary to make thickness of this metallic 
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foil so thick that it not tor^fen if it receives the pressure by atmos^^ic pressure. However, a 
certain amount of temperature up is not avoided by the electron which accelerated the metallic 
foil in this case, but since it is in contact with this temperature rise and atmospheric air, 
oxidation of a metallic foil progresses, and there is a possibility that a metallic foil may finally be 
torn for fatigue. 

[0004] The purpose of this invention is to prevent tearing a metallic foil by oxidation fatigue. 
[0005] 

[Means for Solving the Problem] A metallic foil causes oxidation fatigue, because it is in contact 
with carrying out and atmospheric air in which the thickness of a metallic foil carries out a 
temperature up by passage of an electron thickly. Then, a target side is made into the second 
vacuum housing for an electronic generator and electronic accelerator side as the first vacuum 
housing, and the structure which divides these two vacuum housings by the metallic foil can be 
considered. With this structure, since the both sides of a metallic foil are decompressing, the 
pressure concerning a metallic foil becomes very small, and can make thickness of a metallic foil 
thin in connection with it. Furthermore, it can prevent oxidizing, since a metallic foil does not 
touch atmospheric air. 

[0006] An operation of this invention is explained. The first vacuum housing is a part which 
accelerates the electron generated from an electronic generator to predetermined energy with 
an electronic accelerator. The accelerated electron passes a metallic foil and goes into the 
second vacuum housing. The second vacuum housing is equipped with the electronic 
convergence equipment and the target for making focal size small, after converging with this 
electronic convergence equipment, an electron collides with a target and an X-ray generates it. 
Since a target has a possibility of melting, it considers as the structure which can be scanned. 
Although the thickness of a metallic foil receives the pressure for differential pressure of the 
first vacuum housing and the second vacuum housing with this structure, that pressure is very 
small compared with the above-mentioned conventional technique. Therefore, thickness of a 
metallic foil can be made thin. Since a metallic foil becomes thin, it is also easy for an electron to 
pass and the temperature rise of the metallic foil by passage of an electron can be suppressed. 
Moreover, since a metallic foil does not touch atmospheric air, there is no possibility of causing 
oxidation. 
[0007] 

[Embodiment of the Invention] The example of this invention is explained using drawing. One 
example of the nondestructive inspection equipment using the X-ray generator of this invention 
is explained using drawin g 1 . Drawing 1 is the block diagram of the X-ray CT scanner which used 
the X-ray generator of this invention. An X-ray CT scanner consists of X-ray generator 1, a 
scanner 2, the scanner control unit 3, a detector 4, the detector circuit 5, an arithmetic unit 6, a 
display 7, an input unit 8, and a target migration control unit 20. Photography of an X-ray CT 
scanner irradiates the X-ray from an X-ray generator at the inspected object on a scanner, and 
detects with a detector the X-ray which has penetrated the inspected object. An inspected 
object performs migration which combined advancing-side-by-side migration, and a rotation and 
vertical migration with the scanner, and detects with a detector the X-ray which irradiated the 
X-ray and has penetrated it during this migration. The image quality of the tomogram for the 
inspected object photoed with the X-ray CT scanner has the good one where the magnitude of X 
line source when seeing from a detector is smaller. That is, the magnitude of X line source 
serves as an important factor which improves the image quality of a tomogram. Since magnitude 
of X line source is small made compared with the former and its failure of an X-ray generator 
also decreases when the X-ray generator of this invention is used, improvement in the engine 
performance as an X-ray CT scanner can be aimed at. 

[0008] When a target is exhausted during photography of an X-ray CT scanner, the target 
migration control unit 20 sends a signal to that effect to the scanner migration control unit 3 and 
a display 7. The scanner migration control unit 3 which received this signal stops migration of a 
scanner, and orders X-ray generator 1 and the detector circuit 5 to perform the termination of 
operation. The operator of an X-ray CT scanner gets to know that the target disappeared from 
the display 7, and does exchange of a target. The structure of the X-ray generator of this 
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invention is shown in drav^J^! . The X-ray generator of this inventio^^^nsists of a vacuum 
housing 9 and a vacuum housing 10, and distinguishes the boundary by the metallic foil 1 1. There 
is a vacuum pump 12 in a vacuum housing 9 and a vacuum housing 10, respectively, and each 
container is decompressed. A vacuum housing 9 consists of an electronic generator 1 3 and an 
electronic accelerator 14, and the electron 19 generated from the electronic generator 13 is 
accelerated to energy predetermined with the electronic accelerator 14. There are electronic 
convergence equipment 15, a target 16, and a valve 18 in a vacuum housing 10. The electron 
accelerated by the vacuum housing 9 passes a metallic foil 11, and goes into a vacuum housing 
10. An electron goes straight on according to inertia, and it converges it in the part of electronic 
convergence equipment 15. The convergent electron collides with a target 16 and generates an 
X-ray. Since a target 16 has a possibility of melting by electronic collision, it is the structure 
which can be scanned according to the target migration device 17. The operating method of the 
X-ray generator of this invention is explained using drawin g 2 . From the electronic generator 13, 
an electron is generated in pulse and it is accelerated to predetermined energy with the 
electronic accelerator 14. Although the repeat frequency of this pulse changes with engine 
performance of the electronic generator 13 and the electronic accelerator 14, it is set to 200Hz 
in this example. It converges with electronic convergence equipment 15, and the accelerated 
electron collides with a target, after passing a metallic foil 1 1. Focal size is 0.1mm at this 
example. It carries out. The target of a focal part will melt with an electronic collision. Before the 
following electron comes, a target carries out a suitable scan and it is made not to collide with 
the target which the electron dissolved again. Since there will be time amount of 5 mses in this 
example by the time the following electron collides with a target, a target is 0.1mm in this time 
amount. It is necessary to move above. The target migration device 1 7 and the target migration 
control unit 20 with which the target was equipped realize the scan of a target. After the target 
migration device 17 exhausts a target, it emits a signal to that effect and tells exchange of a 
target. When exchanging targets, and a vacuum housing 10 is made into atmospheric pressure, 
there is a possibility that a metallic foil 1 1 may be torn with a pressure. Therefore, after 
preventing closing the valve 18 with which the vacuum housing 10 is equipped, and a metallic foil 
1 1 side becoming atmospheric pressure, a target side is released to atmospheric pressure. After 
releasing to atmospheric pressure, exchange of a target 1 6 is performed. After exchange 
termination of a target, where a valve 18 is closed, the target side of a vacuum housing 10 is 
decompressed with a vacuum pump 12. A valve 18 is opened after being able to attain 
predetermined reduced pressure. By these exchange of a series of, operation can be started 
again. 

[0009] Next, as compared with the conventional technique, it explains using drawing 3 that the 

pressure applied to a metallic foil according to the structure of this invention decreases. Dr awing 

3 (a) is based on the conventional technique, and depends drawing 3 (b) on this invention. With 

the conventional technique, the pressure in an acceleration tube is about about 10 - 4Pa. This 

pressure is required in order to accelerate an electron efficiently. Therefore, in the case of the 

conventional technique, the pressure concerning a metallic foil is atmospheric pressure. 

Atmospheric pressure is about 105Pa. It is extent. With the structure of this invention, the 

pressure of a vacuum housing 9 is the about about 10-4 samePa as the conventional 

technique. A vacuum housing 10 can be decompressed with a vacuum pump, and may be about 

about 10 - 1Pa. In this case, since the pressure concerning a metallic foil is about about 10 - 

1Pa, it drops to about 1/1 million compared with the conventional technique. 

[0010] Next, it explains that a target melts with an electron ray using drawing 4 and a formula. 

The electron ray which received convergence expands and shows signs that it collides with a 

target to drawing 4 . E (J) and a pulse current value are set to I (A), and pulse width is set to w 

(second) for the energy of the electron after accelerating. At this time, total energy Q per pulse 

is calculable several 1. 

[0011] 

[Equation 1] 
^_ E ■ I ■ w 

Q - — i — - (Si) 
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[0012] e is the amount of electronic charge here. This total energy Q can divide a target roughly 
into what is penetrated as it is, the thing to generate as an X-ray, and the thing which changes 
to heat with a target. The rate which changes to heat with a target is set to x (%). Moreover, as 
shown in ^ayyingj4 , the depth to which S (cm2) and the accelerated electron enter focal size 
into a target is set to tau (cm). Furthermore, temperature deltaT of the focus which will go up it 
to per pulse if the specific heat of rho (g/cm3) and a target is set to c (J/gK) can express the 
consistency of a target by several 2. 
[0013] 
[Equation 2] 

A T= __*lQ - (»2) 

100-c-S-r-p 

[0014] When this temperature rise becomes higher than the melting point of a target, a target will 
melt, the energy of the electron accelerated now — E — 9.6x10-13 (J) and a pulse current 
value — I — 140x10 — if w is set to 5x10-6 (second) for -3 (A) and pulse width, total energy Q 
per pulse will be set to 4.2 (J). The rate x which changes to heat with this inner target is 
considered by 70 (%). When a tungsten is used as a target, a consistency rho is 19.1 (g/cm3) and 
the specific heat c is 0.14 (J/gK). Moreover, the accelerated electron considers depth tau which 
enters into a target to be 0.1 (cm) extent. When focal size S is set to 1.0x10-2 (cm2), 
temperature deltaT of the focus which goes up to per pulse is about 1 100 (K). Since the melting 
point of a tungsten is 3387 degrees C, in the case of this focal size, a target does not melt. 
However, if focal size becomes small and is set to 0.3x10-2 (cm2), temperature deltaT of the 
focus which goes up to per pulse will be set to about 3664 (K), and a target will melt that the 
electron collided with the target into coincidence mostly. 
[0015] 

[Effect of the Invention] Focal size of X line source can be made small by this invention. 



[Translation done.] 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram showing the example of the test equipment which used the X-ray 
generator of this invention. 

[ Drawing 2 ] The explanatory view of the structure of the X-ray generator of this invention. 
[ Drawing 3] The explanatory view of the pressure applied to a metallic foil by this invention 
decreasing. 

[ Drawing 4] The explanatory view of the phenomenon in which a target melts with an electron 
ray. 

[Description of Notations] 

1 — X-ray generator and 2 — a scanner, 3 — scanner control unit, 4 — detector, and 5 — a 
detector circuit, 6 — arithmetic unit, 7 — display, and 8 — an input unit, 9, 10 — vacuum 
housing, 11 — metallic foil, and 12 — a vacuum pump, a 13 — electronic generator, a 14 — 
electronic accelerator, and 15 — electronic convergence equipment, 16 — target, 17 — target 
migration device, and 18 — a valve, 1 9 — electrons, and 20 — target migration control unit. 
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